The purpose of the present study was to determine the impact of body fat mass and fat distribution on serum lipids, lipoproteins and apolipoproteins in African-American and Caucasian-American prepubertal children. SUBJECTS: Study participants included 62 African-American children (age 8.3 AE 1.4 y; body mass 37.3 AE 13.6 kg; height 133 AE 11 cm) and 39 Caucasian children (age 8.6 AE 1.2 y; body mass 34.1 AE 11.0 kg; height 131 AE 9 cm). METHODS: Venous blood samples were obtained after a 12 h overnight fast and serum was analyzed for total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), triacylglycerol (TAG), apolipoprotein A-I (ApoA-I), apolipoprotein B (ApoB) and lipoprotein (a) (Lp(a)) concentrations. Body composition and body fat distribution were measured by dual-energy X-ray absorptiometry and computed tomography, respectively. RESULTS: African-American children had lower TAG (46 AE 20 vs 61 AE 32 mgadl, P 0.015) and higher Lp(a) (34 AE 25 vs 17 AE 28 mgadl, P 0.001) and HDL-C (44 AE 11 vs 39 AE 8 mgadl, P 0.041). There were no ethnic differences in TC, ApoA-I and ApoB (P 0.535, P 0.218, P 0.418, respectively). The ethnic difference in TAG and Lp(a) was not explained by total fat or abdominal fat. The ethnic difference in HDL-C was explained by visceral fat and TAG. CONCLUSION: In prepubertal children, neither body fat nor fat distribution explain the ethnic difference in TAG or Lp(a), but visceral fat and TAG may contribute to differences in HDL-C.
Introduction
In Caucasian adults, the relationship between body fat distribution and mortality from cardiovascular disease (CVD) has been studied extensively in the last two decades. 1 ± 3 Consequently, there is a growing consensus that individuals with central obesity are more likely to have a higher likelihood of developing obesity-related CVD risk factors. 4, 5 Associations of increased visceral adiposity and adverse blood lipid pro®les 6, 7 suggest that the body fataCVD mortality association may be mediated, in part, through unfavorable blood lipids. Certainly there is some evidence of individuals with central fat distribution who exhibit high triacylglycerol (TAG) concentrations, low high-density lipoprotein (HDL)-cholesterol concentrations and an increased number of small, dense low-density lipoprotein particles Ð a constellation known as the`atherogenic lipoprotein phenotype'. 8 In addition levels of apolipoprotein (apo) B are reportedly higher in individuals with central adiposity. 9 These data are, however, based primarily on research in adults. Postmortem studies of child fatal accident victims have shown that atherosclerotic lesions begin to develop early in life 10 and, thus, childhood may be an important period for atherogenesis. Further, recent research from our laboratory has shown that visceral fat is detectable in children as young as those in the prepubertal age-range. 11 Ethnic differences in certain serum lipid markers for CVD appear to be established at an early age and extend into adult life. 12 Serum concentrations of TAG and very low-density lipoprotein (VLDL)-cholesterol are reportedly lower among African-American children and those of HDL-cholesterol and apolipoprotein A-1 (apo A-1) are higher than among Caucasian children. 12 ± 14 There is speculation that the protective, antiatherogenic lipid pro®les of African-Americans compared with Caucasian-Americans may act, in part, to produce fewer cardiac events in African-American men. 15 Conversely, among African-American women the incidence of CVD is higher than among their Caucasian counterparts. The prevalence and severity of obesity differs between races (and genders) and this divergence may be one factor involved in ethnic differences in CVD risk. Although body fat and its distribution are associated with adverse blood lipid pro®les among Caucasian adults, the relative contribution of these factors to the ethnic difference in lipid and lipoprotein levels in a bi-racial population of children remains uncertain.
The objectives of our study were: (i) to examine the associations of serum lipid, lipoprotein and apolipoprotein concentrations with body fat and fat distribution, especially visceral fat, among African-American and CaucasianAmerican children; (ii) to compare serum concentrations of lipids, lipoproteins and apolipoproteins between AfricanAmerican and Caucasian children; and (iii) to examine to what degree any differences in lipid pro®les may be accounted for by ethnic differences in body fat and body fat distribution, especially visceral fat.
Materials and methods

Subjects
The study sample consisted of 62 African-American boys and girls aged 8. . Subjects were volunteers involved in an on-going longitudinal study of the etiology of obesity and associated disorders in children. African-American versus Caucasian ethnicity was determined by self-report based on ethnicity of parents and grandparents. In the current analysis only children who were pre-pubertal (Tanner stage I) were included. Tanner stage I was de®ned as the absence of breast and pubic hair development as assessed by a physical examination by a pediatrician experienced in using this procedure. Some physical and metabolic characteristics of the subjects are presented in Table 1 . The University of Alabama at Birmingham's (UAB) Institutional Review Board approved the study, and subjects and their parents gave written informed consent after being informed of the risks. Subjects were healthy and none were taking any medication known to affect lipid metabolism.
Study protocol
Subjects were admitted to the University's General Clinical Research Center (GCRC) for an overnight visit. Parents were required to remain with their children for the duration of the GCRC visit. Upon arrival in the late afternoon body fat distribution was determined by computed tomography. Subcutaneous abdominal adipose tissue and intra-abdominal adipose tissue were assessed in a single slice (5 mm) at the level of the umbilicus using a HiLightaAdvantage Scanner (General Electric). Adipose tissue cross-sectional area was determined using the density contour program using the Hous®eld units of À190 to À30 for adipose tissue. A standardized evening meal was provided (55% carbohydrate; 15% protein; 30% fat). Water and noncaloric, non caffeinated beverages were available ad libitum and all other food and drink was consumed before 20:00. On the morning after subjects' admission to the GCRC, and after an overnight fast, a cannula was introduced into a forearm or antecubital vein of each arm. Subjects underwent a tolbutamide-modi®ed frequently sampled intravenous glucose tolerance test (data from this cohort are reported elsewhere. 16 Prior to the glucose tolerance test, three baseline blood samples (2 ml) were obtained over 40 min and sera were pooled for determination of fasting serum concentrations of total cholesterol, HDL-cholesterol, TAG, apo A-I, apolipoprotein B (apo B) and lipoprotein (a) (Lp(a)).
Two weeks after visiting the GCRC, children came to the Energy Metabolism Laboratory in the Department of Nutrition Sciences at UAB for body composition assessment by 
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Data for fat mass, lean mass, abdominal fat, SAAT, IAAT are log transformed.
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Analysis of serum lipid, lipoprotein and apolipoprotein concentrations Serum was separated and stored at À80 C for later determination of serum concentrations of total cholesterol, HDLcholesterol, TAG, apo A-I, apo B and Lp(a). Total cholesterol, HDL-cholesterol and TAG were measured using an Ektachem DT II System (Johnson and Johnson Clinical Diagnostics). Apolipoproteins A-I and B and Lp(a) were measured by immunoassays as previously described.
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Data analysis Logarithmic transformation of body composition and lipid data was undertaken to overcome heteroscedasticity and statistical analyses were performed on the transformed data. Ethnic and gender differences in subjects' physical and metabolic characteristics were examined by analysis of variance. Where ethnic differences were observed, multiple linear regression analyses were used to determine whether the effect of ethnicity remained after adjusting for confounding variables. To examine the effect of body fat and fat distribution on ethnic differences in lipids, lipoproteins and apolipoproteins, linear regression models were carefully designed to investigate (i) the effect of total body fat mass, (ii) the effect of total abdominal fat and (iii) the separate effects of intra-abdominal adipose tissue (IAAT) and subcutaneous abdominal adipose tissue (SAAT). Speci®cally, linear regression analysis followed a step-wise design where the ®rst model re-stated the ANOVA approach and tested the effect of ethnicity alone; the second model tested the effect of gender on the ethnic difference in lipids; the third model included ethnicity, gender and total fat mass as independent variables in order to examine whether the ethnic difference in lipids was explained by fat mass in general; the fourth model included ethnicity, gender, total fat mass and abdominal fat (IAAT and SAAT together) to examine whether there was a unique effect of abdominal fat on the ethnic difference in lipids; and the ®fth and sixth models included ethnicity, gender, total fat mass and either IAAT (®fth model) or SAAT (sixth model) to examine whether there were speci®c effects of abdominal adipose tissue depots on the ethnic differences in lipids.
Relationships between lipid pro®les and body fat and fat distribution were determined using Pearson correlation analyses. All analyses were performed with SPSS Version 9.0 (SPSS Inc., Chicago, IL). Data are presented as mean AE standard deviation and a 5% level of signi®cance was adopted throughout.
Results
Physical characteristics
Between African-American and Caucasian-American boys and girls there were no differences in age, height or weight. Similarly, there were no ethnic differences in body Body fat and lipids in children SL Herd et al composition or in body fat distribution (Table 1) . Abdominal fat, SAAT and IAAT were, however, greater in Caucasian children than in their African-American counterparts after adjustment for total fat mass (P`0.001, P`0.001 and P`0.01, respectively). Total fat mass and SAAT were greater among all girls compared with all boys and, conversely, lean mass was less in girls than in boys ( Table 1 ). The gender difference in SAAT remained after adjustment for total fat mass (P`0.001), whereas the difference in total fat was removed after adjustment for total lean mass (P 0.809). IAAT, adjusted for total fat mass, was greater among girls (P`0.01).
Serum concentrations of lipids, lipoproteins and apolipoproteins
Fasting serum concentrations of total cholesterol, HDLcholesterol, TAG, apo A-I, apo B and Lp(a) among AfricanAmerican and Caucasian-American children are presented in Table 2 and Figure 1 . Concentrations of TAG were lower, and those of HDL-cholesterol were higher, among African-American children than among Caucasian-American boys and girls (P`0.05 and P`0.05, respectively). Ethnic differences were also observed in concentrations of Lp(a). Lp(a) concentrations were two-fold higher in African-American children vs Caucasian children (P`0.001).
Overall, concentrations of HDL-cholesterol and apo A-I were lower in girls than in boys (P`0.05 and P`0.01, respectively). There were no between-group differences (gender or ethnicity) in total cholesterol or apo B. There were also no statistically signi®cant interactions between gender and ethnicity for any of the variables.
Among all subjects and among African-Americans alone, Pearson correlation coef®cients were positive and statistically signi®cant for relationships between TAG and total fat, abdominal fat, IAAT and SAAT (Table 3 ). In the same two groups there were inverse relationships between HDL-C and total fat, abdominal fat, IAAT and SAAT (Table 3 ). There were, however, no statistically signi®cant associations of lipid variables with body fat and fat distribution for Caucasian-American children alone (Table 3) . Associations of serum total cholesterol, apo A-I, apo B and Lp(a) concentrations with body fat and fat distribution were not statistically signi®cant for all subjects and for each ethnic group (data not shown).
Multiple regression analyses indicated that the ethnic differences in TAG and Lp(a) concentrations were not explained (i) by total body fat mass, (ii) by abdominal fat or (iii) by the abdominal fat depots, IAAT and SAAT. Fat mass was signi®cantly related to TAG, after adjusting for ethnicity and gender, but there were no associations of TAG with abdominal fat, IAAT or SAAT (Table 4) . Body fat and fat distribution were not signi®cantly associated with Lp(a) concentrations in any of the regression models (Table 5) .
In similar multiple regression analyses, the ethnic difference in HDL-cholesterol no longer existed when IAAT was added to the model. When TAG was added to the regression model, the ethnic difference in HDL-cholesterol was also removed. Furthermore, signi®cant associations of HDL- Body fat and lipids in children SL Herd et al cholesterol with fat mass and TAG concentration, after adjusting for gender and ethnicity, were observed. When TAG and IAAT were both added to the model, after adjusting for gender, ethnicity and fat mass, TAG, but not IAAT, was independently related to HDL-cholesterol (Table 6 ).
Discussion
This is one of the ®rst studies to examine a comprehensive pro®le of lipids, lipoproteins and apolipoproteins among African-American and Caucasian-American prepubertal children. Our ®ndings con®rm that serum concentrations of lipids and lipoproteins differ between African-Americans and Caucasians, even at an early age. The major ®nding is that among prepubertal children the ethnic differences in TAG and Lp(a) concentrations are not explained by differences in body fat mass, total abdominal fat or individual abdominal fat depots (determined using computed tomography), but that visceral fat and TAG contribute to the difference in HDL-cholesterol concentration.
The ethnic differences in the lipids and lipoproteins are in agreement with earlier literature. In general, AfricanAmerican children exhibit lower TAG and higher HDLcholesterol concentrations than Caucasians, 12 ± 14 a pattern indicative of decreased CVD risk. These differences appear to persist into adulthood and may diverge further, particularly in men. 12 In contrast, unfavourably high concentrations of Body fat and lipids in children SL Herd et al Lp(a) are observed among African-American children and adolescents. 20, 21 Our results are also consistent with studies by other investigators who have shown no ethnic differences in total cholesterol and apo B. 13, 14 Regarding apo A-I, some previous work shows no ethnic differences, 22 whereas others report higher apo A-I in African-Americans. 13, 23 Our ®ndings corroborate previous studies where obesity was positively associated with TAG and negatively associated with HDLcholesterol in African-American and Caucasian children, 24 ± 26 as well as adults. 5 Contrary to the present ®ndings, in two of these studies the obesity ± TAG relationship appeared weaker in African-Americans than in Caucasians; subject numbers, though, were larger in these studies. 5, 26 One potential mechanism for the association between body fat distribution and lipoprotein metabolism concerns the rate of lipolysis in abdominal adipocytes, which contributes to systemic free fatty acid¯ux. 27 Adults with a greater proportion of upper-body fat, exhibit higher rates of lipolysis, and hence presumably higher free fatty acid¯ux, compared with those with a greater proportion of lower-body fat. 28 An increased rate of delivery of fatty acids to the liver favors the hepatic production of TAG-containing VLDL particles and their release into the circulation. 27 It is thus plausible that in the present study the raised TAG concentrations seen in the Caucasian children compared to the African-American children were due to the effect of relatively greater amounts of abdominal adipose tissue on circulating free fatty acid levels.
Multiple linear regression analysis, however, indicated that total body fat and fat distribution may not be the largest determinant of the ethnic difference in TAG levels in prepubertal children. In contrast, earlier work from our laboratory suggested that visceral fat in¯uences the ethnic difference in TAG concentrations between African-American and Caucasian prepubertal children. 16, 29 The focus of the latter study was the role of dietary fat on TAG levels, 29 while the former study examined the components of Syndrome X. 16 The reason for the inconsistency with previous ®ndings is not known, although additional variables in earlier regression models may have played a part in the discrepancy. The present data nevertheless suggest that there may be inherent ethnic differences in lipid and lipoprotein metabolism that are not signi®cantly modi®ed by body composition and may be de®ned by other factors.
One possible explanation for the lower serum TAG concentrations in African-Americans relates to the activity of lipoprotein lipase which is higher among African-American men than among Caucasian men. 30, 31 Lipoprotein lipase is the rate-determining step in the hydrolysis of TAG-containing lipoproteins and thus, in men at least, AfricanAmericans may have a more ef®cient system for removing TAG from the circulation. Enhanced lipoprotein lipase action in African-Americans might also explain the ethnic difference we observed in HDL-cholesterol concentrations. Following hydrolysis of the TAG core by lipoprotein lipase, redundant surface components of TAG-rich lipoproteins are transferred mainly to HDL particles, which, in an ef®cient system, leads to an increase in HDL-cholesterol. 32 Some research suggests that the action of visceral adiposity on CVD is through apo B and apo A-I (by exerting proatherogenic and prothrombotic effects), rather than through their lipoprotein parent-molecules, LDL and HDL, respectively. 33 We, however, found no associations between body fat and fat distribution and these lipoprotein moieties. The contrasting ®ndings may re¯ect methodological differences in the determination of fat distribution. Previous authors used waist circumference as a surrogate marker of visceral fat in contrast to its direct measurement by computed tomography in the present study. Also, earlier ®ndings in adults may not be applicable to children. Furthermore, the concentration of apo A-I in plasma appears to be in¯uenced by fatty acids but only in the presence of atherogenic levels of dietary cholesterol. 34 Lp(a), a genetic variant of low-density lipoprotein, has been shown to be a strong, independent risk factor for CVD, at least in Caucasian populations (for review see Sullivan 37 ). Serum concentrations of Lp(a), although higher in our cohort of African-American children, are of uncertain signi®cance for the development of CVD in black populations. 38 Lp(a) increases the risk for CVD in Caucasian populations in part by prothrombotic mechanisms, which result in inhibition of ®brinolysis. 39 However, because of African-Americans' enhanced sensitivity to ®brinolytic enzymes, raised Lp(a) levels may not be pathogenic for CVD in this ethnic group. 38 Genetic factors account for more than 90% of the variation in Lp(a) 40 indicating that, in line with our ®ndings, body composition has little in¯uence over the ethnic difference in this variable.
In summary, the results of the study presented herein suggest that serum concentrations of TAG, HDL-cholesterol and Lp(a) differ between African-American and CaucasianAmerican children. We found no strong evidence that the ethnic differences in TAG and Lp(a) concentrations could be explained by body fat or fat distribution, whereas the difference in HDL-cholesterol concentration appeared to be explained primarily by TAG and in part by IAAT but not by SAAT, general abdominal fat or total fat mass. These ®ndings corroborate earlier literature and set the stage for forthcoming longitudinal data from this cohort of children as they mature through adolescence. assistance. We are especially grateful to the children and their families for their participation in this study.
